Introduction
Microdosimetry is the study of the statistical variations in absorbed energy within small biological volumes exposed to radiation. The need for considering microdosimetry is a direct consequence of the fact that biological effects depend not only on the mean energy per unit mass absorbed by the irradiated medium (dose), but also on the distribution of discrete energy depositions in microscopic sites such as the cell nucleus, chromosomes, or DNA. Usually microdosimetric data are obtained by the use of proportional counters filled with a gas at low pressure. '2 The gas volume simulates the size of a biological site of solid material, i.e., it has the same composition and the same mass. Various studies ' seem to indicate that volumes equivalent to spheres of 1 to 2 Am diameter in terms of unit density tissue are particularly relevant. One can use detectors with large linear dimensions (a few cm) but with correspondingly low gas densities if the radiation field is sufficiently uniform and homogeneous. Experimental techniques for microdosimetry have been described in de-5 tail in literature.
In recent years, several particle accelerators have been built with special facilities for investigating the use of heavy particles for radiation therapy.6 Among the heavy particles, pions are recognized as having unique combinations of properties suitable for radiotherapy. '8 One of the requirements necessary for the practical application of a pion beam to therapy is that the beam intensity should be high enough to produce useful dose- The immediate consequence of the high intensity beams is that microdosimetric data must be obtained under exceedingly high counting rates. Conventional microdosimetry techniques are not applicable under these conditions because of detector damage, gas breakdown, pile-up and dead-time effects, and saturation of the electronics.
The present paper describes a new system developed at LAMPF in order to overcome these problems.
Experiment Beam Description
The 800-MeV proton beam at LAMPF passes through different production targets to generate secondary pion beams. The time profile of the beam is characterized by a macrostructure of 120 pulses per second, each one 500 ps long. Presently, the proton current is 250 AA, average, and the instantaneous pion rate at the Biomedical channel is about 2 x 107 pions/sec cm2.
Ultimately, the proton current will be 1 mA, average. The microdosimetric measurements were taken during the 1 in 10 pulses.
The Proportional Counter
The detector consists of a modified Rossi-type spherical proportional counter. The sensitive volume is delimited by a tissue-equivalent plastic shell. Electron multiplication occurs between a helix and the center wire (anode) which is dc-coupled to the preampli-13 fier. The first stage of a low noise preamplifier is encased in the chamber base and is connected directly to the anode of the detector (see Fig. 1 ). The counter gas is a tissue-equivalent propane-based mixture.14 As mentioned before, one of the problems which could have developed was electronic breakdown during the high intensity pulses. The chamber was activated immediately after the end of the last high intensity pulse preceding the 1 in 10 pulse, allowing a complete stabilization of the shellhelix voltages during the measurement.
The transient effect from pulsed high voltage, as well as the requirement for lowest possible electronic noise and wide dynamic amplitude range, places severe limitations on the preamplifier design. The solution has been found in a modified version of a charge-sensitive pre*amplifier designed at Brookhaven National Laboratory . A circuit diagram of this preamplifier is shown in Fig. 2 . To minimize input shunt capacitance, the field effect transistor and critical feedback components are placed on a miniature circuit module as close as possible to the proportional counter. The decay time of the feedback network is kept short to minimize pulse pile-up (20lts). The input to the preamplifier is capacitively coupled in such a way to transmit more than 90% of the desired charge pulse but still re- Figure 1 cover from the pulsed high voltage transient in 5 ms or less. Noise performance is somewhat degraded but re-
The spherical proportional counter used in the present mains quite good at less than 4 x 1017 C rms measured work. The first and second stage of the low noise with an amplifier with 1 LLS shaping constant. preamplifier are also shown.
The Model IH700, designed by V. Radeka Circuit diagram of the preamplifier used in the present work.
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Results
The system has been tested with a pulser and with 5.5-MeV alpha particles for linearity of response and sensitivity over a wide dynamic range, both out of beam and in beam. A microdosimetric spectrum for 80
MeV TTU obtained with the present system is displayed in Fig. 3 . The detector was placed in air at the focal plane of the biomedical channel. For compariso} we also display a spectrum obtained by Amols et al using a conventional microdosimetry system and a similar beam tune (but a very low beam current). The two spectra are similar. The small differences are a result of the earlier data being taken in a large water phantom with a slightly different beam tune. In conclusion, the results of extensive testing show that the accuracy, sensitivity and reliability of this method are comparable to previous systems used at lower beam intensities. 
